ABSTRACT Immigrants make up a small (about 2%) portion of the arthropod fauna of North America, but are a very important component of the pest and beneficial fauna. Heretofore no generally accessible, computerized compendium has been available to provide access to the vast and dispersed body of knowledge on these organisms. The computerized North American Immigrant Arthropod Database (NAIAD) was developed to provide such a single source. This interactive data base contains 51 fields of core data on the 1,800 species of arthropods known to be immigrant to America north of Mexico. The COBOL program and data files reside on a Wang VS-100 minicomputer at Beltsville, Md., and the data files are accessible from remote locations via TTY (ADAS). Extensive hard copy, back-up files also are maintained. The NAIAD program and its use are described here, and the data fields included in the program are discussed. This data processing application will allow researchers worldwide access to a broad spectrum of information, will allow rapid publication of certain important subsets of information contained therein, and will help in accumulating, analyzing, and disseminating information about immigrant arthropods.
IMMIGRANT SPECIES, the exotic species accidentally or purposefully established in new areas, are significant from practical and theoretical points of view: as pests; as beneficials (especially as natural enemies of pest organisms and as pollinators); as "noneconomic" species that have an effect on native, noneconomic plants and animals; and as prime subjects for the study of microevolutionary, ecological, and biogeographical processes. The general nature of immigrant species is analyzed in the accompanying paper by Whitehead & Wheeler (1990) .
The study of immigrant species should and can be carried out with reference to such broad objectives as the maintenance of species diversity. A body of knowledge and a framework of appropriate theory are beginning to be produced. The modern literature can be considered to start with Elton's classic, The Ecology of Invasions by Animals and Plants (Elton 1958), followed by The Genetics of Colonizing Species (Baker & Stebbins 1965) . Over the past decade, numerous research papers and special reviews have appeared, along with such major works as those by Wilson & Graham (1983) , Parsons (1983) , Groves & Burdon (1986) , and Mooney & Drake (1986).
Foreign species make up about 35% of the approximately 700 most important arthropod pests in the continental United States. Nearly 30% of all agricultural losses in the United States caused by arthropods are inflicted by immigrant species. In addition, about 800 species of beneficial arthropods-including pollinators and parasitic and predaceous natural enemies of arthropods and weedshave been introduced intentionally or accidentally into the United States and Canada, primarily since the 1880s (Sailer 1983) .
Thus, immigrant species are economically and scientifically important. There have been a few important publications on species of arthropods immigrant to major areas (e.g., Hoebeke & Wheeler 1983 ) and analyses of immigrants by major taxonomic group (e.g., Hamilton 1983), but there is no comprehensive listing of arthropods immigrant to the United States, to North America as a whole, or indeed to any major region of the world. A generally accessible, computerized master data base of key information on all immigrant organisms, for all parts of the world is critically needed. We are developing such a data base for immigrant arthropods, beginning with those known from the United States, but eventually including those known from the entire Western Hemisphere. A data base that includes information on immigrant species in the Hawaiian Islands is being developed at the B. P. Bishop Museum (S. Miller, personal communication) and exchange of information with this data base and similar ones is planned.
The Agricultural Research Service has the responsibility to provide plant quarantine interests with authoritative identifications of suspected new pests, and biological control units with authoritative identifications of new natural enemies being introduced. The availability of this kind of information depends, of course, directly on the results of systematics research and will be enhanced by this data base.
The late Reece I. Sailer (then Chief, Insect Identification and Parasite Introduction Research Branch, USDA-ARS) began about 1968 to develop a hard copy file of core data on species of insects and mites known to be immigrant to North America and Hawaii. Each species record included as many as 12 fields of essential data, such as scientific and common names, geographic origin, and time and place of entry or introduction. The initial data set was devleoped with the assistance of insect, and mite systematists in the Systematic Entomology Laboratory (SEL), USDA, the Smithsonian Institution, and other organizations. Information on 1,660 species immigrant to North America had been accumulated by 1978 (Sailer 1978) . In 1980, we began to develop a computerized data base for insects, mites, and related arthropods immigrant to North America. The objectives of the North American Immigrant Arthropod Data Base (NAIAD) program are to develop a computerized data base and hard copy file of essential information on these arthropods immigrant to or introduced into North America, with initial emphasis on taxa in the United States; to create a system for obtaining, maintaining, documenting, and analyzing such information; and to convey this information to a broad spectrum of users, especially regulatory agencies and research organizations such as biological control units and state extension agencies, as well as to agricultural businesses, international organizations, and individual scientists. Having transferred the data from a hard copy file to a computerized system, we can project a rapid increase in the number of taxa covered to about 3,000 species during the first two or three years of active development of NAIAD. Thereafter, 10-25 species are likely to be added each year and two or three deleted, as our knowledge of the establishment of certain species improves.
Determining which species are appropriate for inclusion in NAIAD presents a challenge, as does determination of what actually constitutes an immigrant (Whitehead & Wheeler, 1990 ). Information on immigrant arthropods is scattered through a large and disparate body of published and unpublished documents, including records in entomologists' informal files. Moreover, occurrences of some immigrant species are represented only by a few specimens in museum collections. As a basic step in obtaining data, we reviewed published and unpublished information found in articles, reports, memos, etc. Other major sources of information include the identification service and taxonomic research provided by systematists at SEL for plant quarantine and biological control. The paper by Henry (1990) is an example of the kind of infor- 
Overview of NAIAD
After preliminary information has been obtained on an immigrant species to be added to NAIAD, a data sheet (covering 51 subject fields) or other documentation is prepared and submitted to the appropriate taxonomic specialist for review. The information is then entered into an interactive, expandable data base stored on a minicomputer (Wang VS-100, Wang Laboratories, Boston). All data files on the system can be manipulated or updated remotely from a Wang workstation through the WANGNET telecommunications program. Asynchronous communication software allows access to NAIAD data from any computer terminal equipped with a modem and Wang 2110 emulation software.
The data base currently includes 51 fields of core data (e.g., geographic origin, date of entry and distribution, hosts; Appendix I and II) on 1,800 species, with detailed information on about 550 species of Coleoptera, Diptera, Heteroptera, Homoptera, Lepidoptera, and Orthoptera. The capability to analyze data such as the origin, dates and modes of entry, sites of establishment, host and habitat preferences, vectored pathogens, and dynamics of geographic spread of immigrant arthropods is expected to be of considerable value in the exclusion, containment, and biological pest control activities of regulatory and research units. The knowledge should help develop appropriate methodology for excluding additional foreign arthropod pests (an estimated 10,000 species of which are considered capable of establishment but do not yet occur in North America [Knutson 1989 ]) and expediting the introduction and distribution of beneficial species in North America. In addition, this information will contribute to and should stimulate broader basic studies on biological phenomena that are important in understanding immigrant and native organisms.
An Immigrant Arthropod Voucher Specimen Collection of species immigrant to North America is being established to document the NAIAD program further. Specimens representing the earliest recognized establishments are obtained from various sources, uniquely numbered and labeled, and shared insofar as possible among the collector, the USDA-ARS National Biological Control Documentation Center, the U.S. National Museum of Natural History, and, where appropriate, with Agriculture Canada, and with the Instituto Nacional Investigaciones Agricola, and the Departamento Sanidad Vegetal in Mexico. These collections are to authenticate records of occurrence, provide ref-erence material for subsequent identification, permit subsequent taxonomic study if error is suspected in the original identification, provide physical evidence to document morphological changes that may occur as the immigrant species become more widespread and entrenched, and provide visibility and draw attention to the importance of discovering and recording information on immigrant species of arthropods.
Description of the System
NAIAD has become a substantial data base with extensive programming and modification by Mary B. Goldenbaum (formerly with the Computer Data Services Division, USDA-ARS). Many fields of data were subdivided to improve data retrieval capabilities, and certain kinds of information came to be stored separately in supplementary files. There are now five such supplementary files in addition to NAIAD, the main file. File structure and contents are as follows: The system also includes a file for checking synonymous names (SYNFILE) and a master bibliographic file (BIBFILE). All bibliographic records are first recorded in BIBFILE, the main NAIAD bibliography. Records in NAIADREF duplicate records in BIBFILE and add information to them from the main NAIAD file. This avoids the need for retyping a bibliographic citation pertaining to several NAIAD species while also making it convenient to produce a complete sorted printout of all NAIAD citations.
The computer program automatically places the data in the appropriate files as records are entered. The user must be aware of the existence of the supplemental files, however, when modifying and deleting records.
The NAIAD data can now be accessed via TTY (ADAS), although the NAIAD program software itself cannot be run via TTY. The Wang Report Utility can be used to design reports that meet the requirements of a user or group of users, and this report can generate output to ADAS when it is requested through a procedure (analogous to an MS-DOS batch file) that is set up as a command option for ADAS users.
To work directly with NAIAD via a modem, users must have a microcomputer running VT100 or Wang 2110 terminal emulation. Most popular microcomputer communications packages support VT100 emulation, and specialized Wang 2110 emulation packages can be purchased from several software vendors.
Records are organized as follows. Species records are organized by the record "key" called "REF- ;
Records for a single taxon in different files are tied together by the 4-digit number. The secondary number permits more than one literature reference, host, vector, or notes record to be tied to the same taxon.
A species record in the main file is referenced in three ways: (1) with the 4-digit reference number (REF NO), (2) with the genus-species name (such as Musca autumnalis De Geer), or (3) with the first six letters of the "EPA code." The EPA coding system, developed by the Environmental Protection Agency, Scientific Support Branch, Benefits and Use Division, Office of Pesticide Programs (Sutherland & Brassard 1987), consists of seven positions (upper case letters), broken down into vocabulary (e.g., insect, weed), higher taxonomic category, scientific name, and stage of development. REF NO is the primary "key" in the NAIAD data base; the genus-species name and the first six letters of the EPA code are called "alternate keys." Currently, the EPA code is usable only internally, but to find records in the supplementary files, the reference number must be known.
Recommendation
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